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(57) ABSTRACT 

In a method and device for monitoring a radio-frequency 
transmit device of a magnetic resonance tomography system, 
having a transmitter antenna system that has a number of 
transmit channels, during a magnetic resonance measurement 
of an examination Subject, a reference scattering parameter 
matrix of the transmitterantenna system is determined in the 
unloaded State, and a subject-specific scattering parameter 
matrix of the transmitter antenna system is determined in a 
state loaded with the subject of examination. Moreover, trans 
mitter amplitude vectors are determined in time-dependent 
fashion that represent the radio-frequency Voltage amplitudes 
on the individual transmit channels. On the basis of the sub 
ject-specific scattering parameter matrix, the reference scat 
tering parameter matrix, and the transmit amplitude vectors, 
radio-frequency power values absorbed at particular transmit 
times in the Subject are determined. Based on a large number 
of the determined radio-frequency power values, a number of 
monitoring values are formed. The radio-frequency transmit 
device is limited in its functioning when a monitoring value 
reaches or exceeds a prespecified boundary monitoring value. 
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METHOD AND DEVICE FORMONITORING 
A RADIO-FREQUENCY TRANSMITTER 
DEVICE IN A MAGNETC RESONANCE 

TOMOGRAPHY SYSTEM 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention relates to a method for moni 
toring a radio-frequency transmitter device of a magnetic 
resonance tomography system, having a transmit antenna 
system that has a multiplicity of transmitter channels, during 
a magnetic resonance measurement of an examination Sub 
ject. In addition, the present invention relates to a radio 
frequency transmit device for Such a magnetic resonance 
tomography system, to a radio-frequency monitoring device 
for Such a radio-frequency transmit device, and to a magnetic 
resonance tomography system having Such a radio-frequency 
transmitter device. 
0003 2. Description of the Prior Art 
0004 An imaging using a magnetic resonance tomogra 
phy system essentially takes place in three steps. First, a 
strong, stable, homogenous magnetic field, and thus a stable 
orientation of the protons in the relevant body region, is 
produced around the body region. This stable orientation is 
then modified by electromagnetically supplying radio-fre 
quency energy. Third, this energetic stimulation is then ter 
minated and the nuclear resonance signals resulting in the 
body are measured (detected) using Suitable receive coils, in 
order to permit conclusions to be drawn concerning the tissue 
in this bodily region. For this purpose, a magnetic resonance 
tomography system has a large number of components that 
work together, each of which requires the use of modern, 
expensive technologies. A central elementofa magnetic reso 
nance tomography system, to which the present invention 
also relates, is the radio-frequency transmitter device, which 
is responsible for the generation of the radio-frequency pulses 
that are to be radiated into a body region. The radio-frequency 
pulses emitted by a radio-frequency power amplifier of the 
radio-frequency transmitter device are conducted to a trans 
mitter antenna system that radiates the radio-frequency 
pulses into a bodily region. 
0005. In the development and establishment of magnetic 
resonance tomography systems, in order to ensure patient 
safety boundary values have been standardized that regulate 
the maximum radio-frequency radiation into a human body. A 
typical boundary value is the maximum permissible SAR 
(Specific Absorption Rate) value. For example, for the valve 
known as the whole-body SAR it is required that the power 
absorbed by the patient in a time window averaged over 6 
minutes must not exceed a value of 4W/kg. Measurement 
devices that can be used to measure the radio-frequency 
power are provided in the magnetic resonance systems. It is 
standard for this purpose to use directional couplers in the 
leads to the antenna system. Because these directional cou 
plers are able to measure only the total power, they always 
also acquire the power that is converted into lost heat in the 
apparatus itself, for example in the cables or in the transmitter 
antenna systems. In order to enable maximum exploitation of 
the permissible boundary values, and thus to improve the 
imaging overall and/or to shorten the measurement time, it 
would be desirable to be able to determine the portion of the 
transmit power remaining in the transmit antenna system, or 
to eliminate it from the measurement result. This makes sense 
in particular if the load on the transmitterantenna system due 
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to the patient is only slight, which is the case, for example, in 
examinations of the head alone. 
0006 For magnetic resonance systems having simple, lin 
early or circularly polarized antennas, Suitable methods are 
known for determining the antenna losses. However, these 
methods cannot be transferred directly to transmitterantenna 
systems having a number of independent transmitter chan 
nels, for example to transmitter antenna systems that have a 
birdcage antenna, in which the individual antenna rods are 
separately controllable for the production of arbitrary field 
distributions. In Such transmitterantenna systems, in contrast 
to purely linearly or circularly polarized antennas, the current 
distribution changes according to the selected controlling, so 
that as a consequence the losses remaining in the transmitter 
antenna system can also vary strongly. 

SUMMARY OF THE INVENTION 

0007 An object of the present invention is to provide a 
method and device for monitoring a radio-frequency transmit 
device that reliably prevent the radio-frequency power 
absorbed by the examination Subject from exceeding a pre 
specified threshold value, and while still enabling the exploi 
tation of the given boundary values as far as possible, even in 
a transmitter antenna System having a multiplicity of sepa 
rately controllable transmit channels. 
0008. In the method according to the present invention, it 

is necessary to determine a reference scattering parameter 
matrix of the transmit antenna system in the unloaded state. 
Moreover, a Subject-specific scattering parameter matrix of 
the transmit antenna system is determined in a state loaded by 
the examination subject, for example the body or the relevant 
body part of the patient. Transmit amplitude vectors are then 
determined in time-dependent fashion that represent the 
radio-frequency Voltage amplitudes on the individual trans 
mit channels at the respective measurement time. On the basis 
of the Subject-specific scattering parameter matrix, the refer 
ence scattering parameter matrix, and the respective transmit 
amplitude vectors, radio-frequency power values absorbed in 
the examination Subject can then be determined at particular 
transmit times, namely the times of the measurement of the 
radio-frequency Voltage amplitudes. In this way, it is possible 
to determine the radio-frequency power actually absorbed in 
the examination Subject at the transmit times indicated by the 
respective transmit amplitude vectors, without including the 
power loss remaining in the transmitter antenna system in 
each case. Based on a large number of determined radio 
frequency power values, a number of monitoring values are 
then formed, and the radio-frequency transmitter device is 
limited in its functioning when a monitoring value reaches or 
exceeds a prespecified boundary monitoring value. For 
example, in this case the radio-frequency transmit device can 
then be completely deactivated, or the transmit power can be 
reduced. 

0009. The measurement of the reference scattering param 
eter matrix takes place in the unloaded State, i.e. without 
loading by the body or by a patient body part that is to be 
examined, but otherwise under the same conditions as the 
measurement of the Subject-specific scattering parameter 
matrix. Because, except for the loading by the examination 
Subject, the conditions do not change as a rule, it is usually 
Sufficient to carry out Such a reference measurement once and 
then to use it for a plurality of later magnetic resonance 
measurementS. 
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0010. The monitoring values can be formed from the 
radio-frequency power values by averaging over particular 
prespecified time windows, as is generally standard. In prin 
ciple, however, it is also possible first to convert the power 
values into load monitoring values (e.g. SAR values), which 
represent the biological load on the patient, and then to check 
these monitoring values to see that they remain within par 
ticular boundary values. 
0011. Using the method according to the present inven 

tion, it is possible to determine the power deposited in the 
examination Subject relatively precisely, and thus to opti 
mally exploit the specified boundary values even in a multi 
channel transmit antenna system. This method can be imple 
mented online during the measurement; i.e., using this 
method each of the radio-frequency pulses sent out can be 
measured precisely during the measurement. In principle, 
however, this method can also be used ahead of time during a 
simulation in order to determine, even before the measure 
ment, whether a measurement can be carried out using the 
planned transmit parameters without expecting boundary val 
ues to be exceeded. During Such a "look-ahead monitoring, 
a limitation of the functioning of the radio-frequency transmit 
device is to be understood as meaning that, for example, a 
magnetic resonance measurement that is to be carried out 
using transmit parameters in which a boundary monitoring 
value would be exceeded is prevented or is modified, and for 
example the operator is informed of this via a suitable warn 
ing message. That is, the monitoring of the radio-frequency 
transmit device can take place not only by a direct monitoring 
signal, but also indirectly through action on a transmit proto 
col for controlling the magnetic resonance installation or the 
like. In particular, it is also possible to carry out both Such a 
look-ahead monitoring before the start of a measurement, 
using the method according to the present invention, and also 
to additionally use this method to monitor the maintenance of 
the boundary values online during the measurements. 
0012. In addition to the transmit antenna system having a 
number of transmit channels, a Suitable radio-frequency 
transmit device for carrying out the method according to the 
present invention requires a radio-frequency power amplifier 
system having for example a plurality of individually control 
lable power amplifiers for sending out the radio-frequency 
pulses via the transmit channels. According to the present 
invention, the radio-frequency transmit device moreover 
requires a radio-frequency monitoring device that is coupled 
to the radio-frequency power amplifier system, a measure 
ment device for measuring radio-frequency Voltage ampli 
tudes on the individual transmit channels, and a reference 
scattering parameter matrix determining device for determin 
ing a reference scattering parameter matrix of the transmit 
antenna system. This reference scattering parameter matrix 
determining device can for example be an interface that takes 
a previously determined reference scattering parameter 
matrix from a memory in which it was previously stored. The 
measurement for this purpose can take place, for example, 
ahead of time, using the named measurement device of the 
radio-frequency monitoring device. For example, the values 
measured here can be processed to yield the desired scattering 
parameter matrix and then stored in the memory. According 
to the present invention, this radio-frequency monitoring 
device is configured in Such a way that during its use as 
intended a subject-specific scattering parameter matrix of the 
transmit antenna system is determined in a state in which it is 
loaded with the examination subject, and that it determines 
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time-dependent transmit amplitude vectors that represent the 
radio-frequency Voltage amplitudes on the individual trans 
mit channels as a function of the transmit time, and that on the 
basis of the Subject-specific scattering parameter matrix, the 
reference scattering parameter matrix, and the transmit 
amplitude vector it determines radio-frequency power values 
absorbed in the examination Subject at particular transmit 
times, and that, based on a multiplicity of determined radio 
frequency power values, it forms a number of monitoring 
values, and that it limits the radio-frequency transmit device 
in its functioning when a monitoring value reaches or exceeds 
a prespecified boundary monitoring value. 
0013 The radio-frequency monitoring device can be inte 
grated into the radio-frequency transmit device in the form of 
individual components. However, it is also possible for the 
radio-frequency monitoring device to be fashioned as a dis 
crete device having the measurement device for measuring 
the radio-frequency Voltage amplitudes on the individual 
transmit channels, the reference scattering parameter deter 
mining device, and a monitoring signal output for monitoring 
signals for the radio-frequency power amplifier System, or for 
further components that control this system, in order in this 
way to enable limitation of the functioning of the radio 
frequency transmit device. Existing magnetic resonance 
tomography systems can be retrofitted with Such a discrete 
radio-frequency monitoring device. 
0014. Many of the components of the radio-frequency 
monitoring device can be realized in the form of software 
components, in particular the components that are required 
for the determination of the reference scattering parameter 
matrix or the Subject-specific scattering parameter matrix 
from the radio-frequency Voltage amplitudes. Likewise, the 
components that operate on the basis of the Subject-specific 
scattering parameter matrix, the reference scattering param 
eter matrix, and the transmit amplitude vectors, currently 
measured or determined through simulation, and the calcu 
lated radio-frequency power values can be fashioned in the 
form of a software module. The same also holds for the 
components that then form the monitoring values from the 
radio-frequency power values and that compare these moni 
toring values with prespecified boundary monitoring values. 
To this extent, a programmable radio-frequency monitoring 
device already having, alongside a computing unit, a Suitable 
measuring device (for example, a plurality of directional cou 
plers in the individual transmit channels) can be retrofitted 
with the named software components through an update in 
order to enable operation in the manner according to the 
present invention. 
00.15 Preferably, first a subject-specific conductance 
matrix is determined from the Subject-specific scattering 
parameter matrix. Moreover, in a corresponding manner a 
reference conductance matrix of the transmitter antenna sys 
tem is produced from the reference scattering parameter 
matrix. The determination of the radio-frequency power val 
ues absorbed at particular transmit times in the examination 
Subject then takes place on the basis of the Subject-specific 
conductance matrix and the reference conductance matrix of 
the transmitter antenna system. 
0016. Here, the determination of radio-frequency power 
value P at a measurement time t can preferably be deter 
mined according to the following equation: 
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0017. Here, U is a transmit amplitude vector, formed 
from the radio-frequency Voltage values measured in the 
transmit channels, of the outgoing wave at time tata particu 
lar measurement point in the transmit channel. Y, is the 
above-named Subject-specific conductance matrix, Y is the 
reference conductance matrix, and U is an effective voltage 
amplitude vector formed from transmit amplitude vector U. 
0018. The way in which effective voltage amplitude vector 
U is formed from transmit amplitude vector U depends on 
the design of the radio-frequency transmit device, in particu 
lar on whether it is a radio-frequency transmit device having 
a matching circuit. Whether such a matching circuit is neces 
sary or not in order to match the transmit antenna system to a 
reference impedance in turn depends on the particular 
antenna design. 
0019 For a radio-frequency transmit device without a 
matching circuit, the effective Voltage amplitude vector U. 
can preferably be determined from transmit amplitude vector 
U as follows: 

where S is a Subject-specific scattering parameter matrix 
and E is the unit matrix. This subject-specific scattering 
parameter matrix S is also the total scattering parameter 
matrix of the overall system, i.e. of the transmit antenna 
system with the examination Subject situated therein. 
0020 For radio-frequency transmit devices that have a 
matching circuit, the effective Voltage amplitude vector U is 
preferably calculated from the transmit amplitude vector U. 
as follows: 

1 1 
U(UF(t)) = (E (l inz + Sof (1 " forcz, ) Uf(t) 

0021 Here, S is the subject-specific scattering param 
eter matrix, E is the unit matrix, is the imaginary unit, w is 
the transmit frequency, C is a matching capacitance, and Zo 
is the reference impedance or matching impedance. Refer 
ence impedance Zo is standardly 5092. 
0022 Preferably, in order to determine the subject-spe 

cific scattering parameter matrix and/or in order to determine 
the reference scattering parameter matrix of the transmit 
antenna system, a defined radio-frequency signal having a 
precisely determined form and strength is sent out in chrono 
logical Succession over each of the separate transmit chan 
nels. Here, for each of the transmit channels, i.e. both the 
transmit channel via which the radio-frequency signal is cur 
rently being sent out and also the other transmit channels, at 
least one Voltage value is determined for the returning wave. 
Preferably, a second Voltage value for an outgoing wave is 
additionally determined for each of the transmit channels. 
However, this measurement takes place only for the purpose 
of monitoring, because on all transmit channels except the 
transmit channel via which the radio-frequency signal is sent 
out, the Voltage value for the outgoing wave should in each 
case be Zero, or at least close to Zero. 
0023 For this purpose, the radio-frequency transmit 
device preferably has directional couplers connected in each 
of the individual transmit channels, e.g. radio-frequency lines 
running in the components of the transmit antenna system 
that are allocated to the individual transmit channels. With 
these directional couplers, in addition it is also possible at 
chronological intervals, preferably regularly, to measure the 
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Voltage values of the outgoing waves on the individual trans 
mit channels in order to determine the transmit amplitude 
vectors for an online monitoring. 
0024. In a preferred embodiment, each of the radio-fre 
quency power amplifiers that emit the radio-frequency pulses 
via the respective transmit channels can additionally be regu 
lated on the basis of the Voltage values determined using the 
directional couplers. That is, the Voltage measurement values 
of the directional couplers can be used as actual values that are 
brought into agreement with the target values that correspond 
to the required signals. In this way, a very simple, more 
precise controlling of the radio-frequency power amplifiers is 
also possible. 
0025. As explained above, there are various possibilities 
for forming Suitable monitoring values from the radio-fre 
quency power values. In principle, each radio-frequency 
power value can be taken in itself as a monitoring value. In a 
preferred variant, a monitoring value is based on the mean 
value of a large number of radio-frequency power values. 
Here, the large number of radio-frequency power values can 
be selected by causing a time window to slide over the radio 
frequency power values in the time domain, and using all 
radio-frequency power values in the time window to form the 
current monitoring value. Particularly preferably, a sliding 
mean value is formed. Such a mean value is quite a good 
measure of the radiation load to which a patient is exposed. 
0026. Preferably, various monitoring values are taken into 
account via different sliding time windows; for example, a 
short-time monitoring value via a window ten seconds in 
length and a long-time monitoring value via a window 360 
seconds in length. In this way, it can be ensured that on the one 
hand a peak loading of the patient is avoided, while on the 
other hand a radiation load does not occur that is too high 
overall but that always remains just under the peak boundary 
values. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0027 FIG. 1 shows a schematic overview of a magnetic 
resonance system having a radio-frequency transmit device 
according to the present invention. 
0028 FIG. 2 shows a somewhat more detailed diagram of 
the design of an exemplary embodiment of a radio-frequency 
transmit device according to the present invention. 
0029 FIG. 3 shows a highly simplified equivalent circuit 
diagram of a transmit antenna system without a matching 
circuit. 
0030 FIG. 4 shows a highly simplified equivalent circuit 
diagram of a transmit antenna system having a matching 
circuit. 
0031 FIG. 5 shows a schematic representation of a trans 
mit antenna system having N transmit channels as an N-gate 
network, in order to explain the purpose of a scattering param 
eter matrix. 
0032 FIG. 6 shows a simplified flow diagram of an exem 
plary embodiment of a method according to the present 
invention for monitoring a radio-frequency transmit device. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0033. A basic part of the magnetic resonance tomography 
system 1 shown in highly schematic form in FIG. 1 is the 
scanner or tomograph 2 that carries out the actual measure 
ments. In this scanner 2 there is situated a measurement space 
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3, generally called a patient tunnel, in which a patient or 
Subject of examination O can be positioned on a patientbed 4. 
Here, the scanner 2 has, as a transmit antenna system 15, a 
whole-body coil 15 having a number of separately control 
lable transmitter channels in order to enable the formation of 
arbitrary field distributions in measurement space 3. For 
example, this can be what is known as a birdcage coil that has 
N conductor rods that are independently controllable and are 
situated parallel to one another on a cylinder Surface around 
measurement space 3 and are coupled to one another. How 
ever, the present invention is not limited to such transmitter 
antenna systems. In particular, it is also not necessary that the 
transmit antenna system forma whole-body coil; rather, it can 
also be made up of a large number of what are known as local 
coils, or it can be a head coil or the like having various 
transmit channels. 
0034. In addition, in the scanner 2 there is situated, as is 
standard, a magnet system having a base field magnet in order 
to apply a strong base magnetic field in measurement space 3. 
as well as a number of gradient coils in order to apply the 
desired magnetic field gradients in each of the three spatial 
directions. However, for clarity these components are not 
shown in FIG. 1. 
0035. The scanner 2 is controlled by a system control unit 
5that is in turn connected to a terminal 19 via which the entire 
magnetic resonance tomography system 1 can be operated. 
The coupling of the scanner 2 to system control unit 5 takes 
place via a number of interfaces. 
0036) One of the interfaces is formed by radio-frequency 
transmitter device 10, and another by a reception interface 6. 
The appropriate radio-frequency pulse sequences for a mea 
Surement are sent out via radio-frequency transmitter device 
10, and the magnetic resonance raw data are entered via the 
reception interface 6. These components are explained in 
somewhat more detail below on the basis of FIG. 2. 
0037. An interface block 7 represents further interfaces 
that are necessary for the controlling of further components of 
the scanner 2, Such as the interfaces for controlling the gra 
dient coils, the advance of the patient bed, etc. 
0038. As further components, in system control unit 5 a 
measurement control module 9 that can be controlled by the 
operator via terminal 19 and a data storage device 18 are 
shown. On the basis of measurement protocols that are stored 
for example in data storage device 18 and that can be modified 
by the operator, measurement control module 9 can specify 
the parameters so that via the interfaces Suitable signals are 
given to tomograph 2 in order to carry out a measurement with 
a completely determined pulse sequence, i.e. a radio-fre 
quency pulse sequence and a matching gradient pulse 
Sequence. 
0039 Moreover, system control unit 5 here also comprises 
a reconstruction device 8 that reconstructs the magnetic reso 
nance images from the raw data received by receive interface 
6; these images can then be stored in storage device 18 and/or 
outputted on the display of terminal 19. 
0040. It should be noted that such a magnetic resonance 
tomography system 1, in particular system control device 5. 
can also have a large number of additional standard compo 
nents such as interfaces for connection to a network in order 
to forward the produced images to other stations, etc. How 
ever, because the basic design of magnetic resonance systems 
is known to those skilled in the art, for clarity all such com 
ponents are not shown in FIG. 1, nor are they discussed in 
more detail here. 
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0041 FIG. 2 shows, in more detail, radio-frequency trans 
mitter device 10 according to FIG. 1, shown here for the 
concrete case of an eight-channel antenna array, i.e. for a 
transmitter antenna system having eight independent trans 
mitter channels K. K. K. K. K. K. K-7, Ko. For this 
purpose, the actual pulse-generating system 11 has eight 
transmit modules 12 in each of which the radio-frequency 
signals are produced in the form of low-level signals that are 
Supplied to a radio-frequency amplifier system 13 for ampli 
fication. Here, radio-frequency amplifier system 13 has a 
separate radio-frequency amplifier 16 for each of the transmit 
channels K1, K2, Ks, Ka, Ks, K. K-7, Ks, each Such amplifier 
producing the radio-frequency pulses H that are to be sent out 
with the desired strength. 
0042. In the further lines of individual transmitter chan 
nels K1, K2, Ks, Ka, Ks, K. K-7, Ks to transmitter antenna 
system 15, which is here shown only schematically as a block, 
in each channel K1, K2, K. K. Ks, K. K-7, Ks there is 
situated a transmit/receive changeover Switch 14 and a direc 
tional coupler 22 that is part of a radio-frequency monitoring 
device 20. Via transmit/receive changeover switch 14, it is 
possible to decouple transmit antenna system 15 from pulse 
generating system 11, and instead to couple it to receive 
interface 6 via lines 17 (in FIG. 2, for simplicity instead of 
eight lines only one line 17 is shown symbolically). In this 
way, transmit antenna system 15 can also optionally be used 
as a receive antenna. For example, at first a transmission of 
radio-frequency pulses H can take place via transmit antenna 
system 15, and subsequently a changeover takes place so that 
the same antenna System can be used to receive the magnetic 
resonance response signal. 
0043. Directional couplers 22 are in turn coupled to a 
directional coupler interface 23 of a monitoring computer 21 
of a radio-frequency monitoring device 20, which, in the 
manner according to the present invention, is used to monitor 
radio-frequency transmit device 10 and to ensure that the 
radio-frequency load on a patient being examined remains 
below prespecified boundary values. This directional coupler 
interface 23 can be, for example, a multichannel analog/ 
digital converter that converts the analog Voltage amplitudes 
acquired by directional couplers 22 into digital values. 
0044) For a precise radio-frequency load monitoring, at 
first the scattering parameter matrices of transmit antenna 
system 15 are determined in the unloaded state and in a state 
in which the system is loaded with a patient. For the general 
explanation of a scattering parameter matrix, reference is 
made to FIG. 5. There, transmitter antenna system 15 is 
shown in rough schematic form as an N-gate network having 
N different inputs. 
0045. In order to describe such a network, the scattering 
parameters are used (or, in an N-gate network, an NxN scat 
tering parameter matrix). The scattering parameters link the 
Wave magnitudes a 1, ..., a,. . . . . a . . . . avgoing out to the 
individual gates with the wave magnitudes b, ..., b, ..., b. 

. . by going away from these gates. Here, for example 
scattering parameters s, and s, result in the following man 

Sit-bya; 

Sibya. (4) 

0046. The behavior of the complete N-gate network can be 
represented in the form of vectors, or a scattering parameter 
matrix, as follows: 
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b S. S2 ... SN (i. (5) 

b2 || S21 S22 ... SiN a2 

bw SN1 SNN (N 

0047. This can be written in abbreviated form as 
B=SA (6) 

0048. Here, B is the wave magnitude vector of the return 
ing waves, S is the scattering parameter matrix, and A is the 
wave magnitude vector of the outgoing waves. 
0049. The relation of wave magnitude vectors A and B to 
the vectors of the Voltages, measurable on each of the transmit 
channels of the transmit antenna system, of the outgoing and 
returning waves, is as follows: 

1 (7) 
A = . U VZ of 
B = -- U 

0050 Here, U is the voltage vector of the outgoing wave, 
i.e. the transmit amplitude vector, and U is the Voltage vector 
of the returning wave. Each of these Voltages can be measured 
using directional coupler 22. 
0051) Thus, if a reference scattering parameter matrix S. 

is to be measured, it is required only that, given an unloaded 
antenna, a radio-frequency signal is sent successively to the 
individual channels, and on each of the channels the outgoing 
and the returning Voltage are measured separately. In this 
way, the wave magnitude vectors A and B, and therefrom, 
according to Equations (4) and (5), the scattering parameter 
matrix S. can be determined for the unloaded case of the 
antenna. 

0052 Likewise, it is then possible, under loading by the 
patient with which the magnetic resonance measurement is to 
be carried out later, again to carry out the same measurement 
procedure as was carried out in the measurement of reference 
scattering parameter matrix Si, in order in this way to obtain 
a subject-specific scattering parameter matrix S of the over 
all system, including the Subject of examination. 
0053 As is shown in FIG. 2, monitoring computer 21 has 
for this purpose a scattering parameter matrix determining 
unit 24, this unit being shown in FIG.2 as a two-partunit 24a. 
24b, because it is used both as reference scattering parameter 
matrix determining unit 24a and as unit 24b for determining 
the Subject-specific scattering parameter matrix. As 
explained above, however, it is not necessary to determine a 
reference scattering parameter matrix before each examina 
tion; rather, it is Sufficient to determine this matrix once and to 
store it in a memory so that it can be called for a plurality of 
Subsequent measurements. Here, scattering parameter matrix 
determining unit 24 is coupled to an interface 25 via which 
commands can be outputted to pulse-generating system 11 so 
that via the respective channels the desired radio-frequency 
signals can gradually be outputted for the measurement of the 
scattering parameter matrix. 
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0054 From a scattering parameter matrix S, the associated 
conductance matrix y can be determined according to the 
following equation: 

0055. Here E is the unit matrix. Equation (8) can be used 
both to convert reference scattering parameter matrix S, into 
a reference conductance matrix Y and to convert Subject 
specific scattering parameter matrix S into a subject-spe 
cific conductance matrix Y. 
0056. Using conductance matrix Y, in principle the power 
P transmitted by the radio-frequency transmit device can be 
calculated as follows: 

idi 

where U is an effective voltage vector formed from the volt 
ages from the individual transmit channels. It results from the 
Voltage vectors of the outgoing wave and the returning wave 
according to: 

U = U + UB (10) 

0057. Using Equation (7) (upperpart), this equation can be 
written as follows: 

0.058 However, as explained above, the power sent out is 
actually only partly absorbed by the patient. Another part of 
the power is lost in the transmit antenna system as lost power. 
0059. To explain this, reference is made to the model cir 
cuit diagram in FIG. 3. Here, the antenna is shown in simpli 
fied form as a parallel oscillation circuit having a capacitance 
C, an inductance L. and an ohmic resistance R, whose recip 
rocal is the conductance G. Further losses occur in the body 
of the patient, symbolized hereby a resistance R, because for 
simplicity it has been assumed here that the patient body has 
only a purely resistive effect within the antenna system. The 
conductance G of the patient is therefore given here only by 
this resistance R. In FIG. 3, as a simplification only one 
channel of the antenna system is shown. For a complete 
description of an N-channel transmit antenna system, it 
would be necessary to use N Such circuit diagrams in parallel. 
0060. The overall conductance (corresponding to the ref 
erence conductance matrix Y given N channels) of the 
unloaded (i.e. without a patient) antenna system shown in 
FIG. 3 therefore results as follows: 

Y C 1 G (12) 
C = CU *L* C 

0061. In contrast, the conductance with the patient (corre 
sponding to the Subject-specific conductance matrix Y given 
N channels) is: 

1 (13) 
Yc = icuC+ - + GC + Go jou L 
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0062. Thus, using Equations (9), (12), and (13), via con 
ductance matrices Y, and Y, which can be determined with 
the aid of the radio-frequency monitoring device according to 
the present invention, it is also possible to calculate the losses, 
or power portions remaining in the antenna system, and the 
radio-frequency power portions remaining in the patient. 
0063 Here it must be kept in mind that the power P deter 
mined according to Equation (9) is in general complex, and 
that it is nonetheless sufficient for the sought power deposed 
in the patient to take into account the real part of P: 

0064. Here, the portion of the power P remaining in the 
antenna system can be written as 

P =Re(U.Y.U) (15) 

and the sought portion P of the power deposited in the 
patient can be written as 

0065. By substituting Equation (11) in Equation (16) there 
results for the power P at the time of transmission or mea 
Surement time t (taking into account that scattering parameter 
matrix S in Equation (11) is in this case scattering parameter 
matrix S of the overall system with patient loading): 

(E+S), U(t))" (Y-Y)-((E+S) U(t)} (17) 
0066. Thus, using Equation (17), the power P. deposited 
in the patientata transmission time t can be calculated as long 
as reference conductance matrixY, Subject-specific conduc 
tance matrix Y subject-specific scattering parameter 
matrix S and, in addition, each of the transmit amplitude 
vectors U, at the relevant time t are known. That is, it is then 
necessary only to determine the Voltage amplitudes on the 
individual transmit channels for the outgoing wave at for 
example regular chronological intervals. The power values 
determined in this way can then be integrated over particular 
time spans, in order in this way to determine the overall power 
brought in during a particular time span. 
0067 For the measurement of transmit amplitude vector 
U, a transmit amplitude vector determining unit 26, shown in 
FIG. 2, in monitoring computer 21 is used that is likewise 
connected by interface 23 to directional couplers 22. A cal 
culating unit 27 in monitoring computer 21 is used to carry 
out, on the basis of the transmit amplitude vector and the 
scattering parameter matrices or conductance matrices, the 
above-explained calculations for determining the radio-fre 
quency power P. deposited in the patient. 
0068. Here it is to be noted that Equation (17) corresponds 

to Equation (1) when the effective voltage amplitude vector 
U has been determined using Equation (2). That is, Equation 
(17) holds for the case in which no matching circuit is used in 
the transmit antenna system. If, in contrast, the transmit 
antenna system has a matching circuit in order to carry out a 
matching to a reference impedance, for example the standard 
reference impedance Z of 502, a somewhat modified calcu 
lation must be carried out. 
0069 Concerning this, reference is made to FIG.4, which 
shows an equivalent circuit diagram similar to that in FIG. 3. 
0070 FIG. 4 differs from FIG.3 only in that here a match 
ing capacitor C is shown in order to symbolize the matching 
circuit. However, this matching capacitor C has the effect 
that it is not the voltage U, respectively determined at the 
directional coupler, but rather a voltage U modified by the 
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matching circuit, that falls off at the antenna. Thus, in the 
above-named Equations (11) and (16), it is not possible sim 
ply to use the transmit amplitude vector U. measured at the 
directional coupler, rather, an effective Voltage amplitude 
vector U has to be used that can be calculated from the 
measured transmit amplitude vector U of the outgoing wave 
and the Voltage amplitude vector U of the returning wave, as 
well as the capacitance C, as follows: 

1 1 (18) Uc = U(1-z }* Usite z icuCA Zo icuCA Zo 

0071. However, voltage amplitude vector U of the return 
ing wave can be calculated from transmit amplitude vector U. 
of the outgoing wave as follows, taking into account Equa 
tions (6) and (7): 

USU (19) 

0072. This has the result that the calculations for transmit 
antenna systems having a matching circuit must be carried out 
using Equation (1) instead of Equation (16); here, the effec 
tive voltage amplitude vector U can be calculated from the 
actually measured voltage amplitude vector U of the outgo 
ing wave according to Equation (3). 
0073 FIG. 6 again schematically shows an overview of 
the method. As is shown here, there first takes place, in a first 
method step I, a determination of the reference scattering 
parameter matrix S and its conversion into a reference con 
ductance matrix Y. In a further method step II, which is 
carried out when the patient is already at the desired position 
in the measurement space, a subject-specific scattering 
parameter matrix S is then determined, and Subject-specific 
conductance matrixY is determined therefrom. Both refer 
ence conductance matrix Y and Subject-specific conduc 
tance matrix Y are then used in the rest of the method. 
0074. During the measurement time, radio-frequency 
pulses are sent out (not shown) at chronological intervals. 
Moreover, at regular chronological intervals during the send 
ing out of the radio-frequency pulses, with the aid of direc 
tional coupler 22 the Voltage amplitudes of the circulating 
waves on the individual transmit channels K. K. K. Ks, K. 
K-7, Ks are determined, and a respective transmit amplitude 
Vector L1, L2. Us. . . . is determined for the various times 
t. These transmit amplitude Vectors U1, U2, Us. . . . are 
then converted, according to the above Equations (16) or (1) 
and (3), into radio-frequency power values P. P. P. . . . . 
which indicate the radio-frequency power remaining in the 
patient. 
0075 From these radio-frequency power values, monitor 
ing values KW, KW, . . . are formed in time-dependent 
fashion by averaging, via a prespecified time window At, all 
radio-frequency power values P. P. P. . . . , lying in time 
window M. Here, time window At slides with time over the 
determined radio-frequency power values P. P. P., that is, 
monitoring values KW, KW, . . . . correspond to a sliding 
mean value over a particular measurement time span At. 
0076. The monitoring values KW, KW, MN; deter 
mined in this way are each compared to a boundary monitor 
ing value GK. If it is determined that a monitoring value KW; 
reaches or exceeds the boundary monitoring value, a moni 
toring signal KS is outputted that ensures that the power level 
of the radio-frequency power amplifier is reduced. In addi 
tion, monitoring computer 21 can, as shown in FIG. 2, have a 
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monitoring signal interface 28 via which, initiated by calcu 
lating unit 27 (which for example also implements the com 
parison of the determined monitoring values with the bound 
ary monitoring values), corresponding monitoring signals KS 
are outputted to the individual radio-frequency amplifiers 16. 
In FIG. 2, for clarity only two lines are shown via which 
monitoring signals KS are communicated to radio-frequency 
amplifiers 16. In reality, each radio-frequency amplifier 16 is 
preferably capable of being controlled separately. 
0077. The method has been described on the basis of the 
Figures for an online monitoring during a measurement. As 
mentioned, however, it is also possible to use the method for 
monitoring in the context of a simulation ahead of time. For 
this purpose, in principle monitoring computer 21 can also be 
used. It is necessary only that, in addition to the reference 
scattering parameter matrix, which may already be measured, 
a Subject-specific scattering parameter matrix be specified, 
for example on the basis of estimates or measurements of 
patients, or of patients having similar bodily Volume. In addi 
tion, on the basis of the planned radio-frequency signals, 
corresponding Voltage values for the outgoing Voltages must 
be given to monitoring computer 21. If this is the case, then, 
as in an online determination, the radio-frequency power 
expected to be deposited in the patient can also be estimated, 
and it can thus be determined ahead of time whether an 
exceeding of boundary values is to be expected. If this is the 
case, then via the monitoring signal interface a corresponding 
warning is outputted as a monitoring signal to the operator, or 
via a monitoring signal such a measurement using the set 
parameters can be prevented from being carried out at all. 
0078. As noted above, the preceding method, described in 
detail, as well as the presented radio-frequency transmit 
device, or radio-frequency monitoring device, are exemplary 
embodiments that can be modified in a wide variety of ways 
by someone skilled in the art without departing from the 
Scope of the present invention. Although the present invention 
has been described above on the basis of a magnetic reso 
nance tomography system in the field of medicine, the present 
invention can also be used in magnetic resonance tomography 
systems used for Scientific and/or industrial purposes. For the 
sake of completeness, here it is also to be noted that the use of 
the indefinite article “a” does not exclude the possibility that 
the relevant features may also be multiply present. Likewise, 
the term “unit does not exclude the possibility that such a 
unit may be made up of a plurality of components, which may 
also be spatially distributed if warranted. 
0079 Although modifications and changes may be sug 
gested by those skilled in the art, it is the intention of the 
inventors to embody within the patent warranted hereon all 
changes and modifications as reasonably and properly come 
within the scope of their contribution to the art. 

We claim as our invention: 
1. A method for monitoring a radio-frequency transmitter 

device in a magnetic resonance tomography apparatus, dur 
ing acquisition of magnetic resonance data, involving the 
transmitter device, in the magnetic resonance system, said 
radio-frequency transmitter device comprising a transmitter 
antenna System comprising a plurality of transmitter chan 
nels, said method comprising the steps of 

prior to introducing an examination Subject into the mag 
netic resonance apparatus, determining a reference scat 
tering parameter matrix of the transmitter antenna sys 
tem in an unloaded State; 
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after introduction of an examination Subject into the mag 
netic resonance apparatus, determining a subject-spe 
cific scattering parameter matrix of the transmitter 
antenna system in a state loaded by the examination 
Subject; 

in a processor, automatically determining time-dependent 
transmitter amplitude vectors for each of said transmit 
ter channels that represent radio-frequency Voltage 
amplitudes in the respective transmitter channels; 

in said processor, using said Subject-specific scattering 
parameter matrix and said reference Scattering param 
eter matrix and said transmitter amplitude vectors to 
determine radio-frequency power values that are 
absorbed by the examination Subject at respective trans 
mit times; 

in said processor, forming a plurality of monitoring values 
based on the determined radio-frequency power values; 
and 

from said processor, limiting operation of said radio-fre 
quency transmitter device during the acquisition of said 
magnetic resonance data when one of said monitoring 
values equals or exceeds a predetermined boundary 
monitoring value. 

2. A method as claimed in claim 1 comprising: 
in said processor, automatically determining a Subject 

specific conductance matrix from said subject-specific 
Scattering parameter matrix; 

in said processor, automatically determining a reference 
conductance matrix of said transmitter antenna system 
from said reference scattering parameter matrix; and 

in said processor, forming said radio-frequency power val 
ues from said Subject-specific conductance matrix and 
said reference conductance matrix. 

3. A method as claimed in claim 2 comprising forming said 
radio-frequency power values at respective times (t) accord 
ing to: 

wherein P is the radio-frequency power value, U is a trans 
mitter amplitude vector formed from voltage values that drop 
in the respective transmitter channels of an emitted signal at 
time (t), U is an effective Voltage vector that is a function of 
U.Y. is the Subject-specific conductance matrix, and Y, is 
the reference conductance matrix. 

4. A method as claimed in claim 3 comprising, in said 
processor, calculating said effective Voltage amplitude vector 
U from the transmitter amplitude vector U according to 

wherein S is the subject-specific scattering parameter 
matrix and E is the unit matrix. 

5. A method as claimed in claim 3 wherein said radio 
frequency transmit device comprises a matching circuit hav 
ing a matching impedance, and comprising, in said processor, 
calculating said effective voltage amplitude vector U, from 
the transmitter amplitude vector U as follows: 

U(Uf(t)) = (E-( riz) + So (1 -- Z ) . UF(t) 

wherein S is the subject-specific scattering parameter 
matrix, E is the unit matrix, j is V-1, () is the transmitter 
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frequency at which said radio-frequency transmitter device is 
operating, Cs is the matching capacitance, and Zo is a refer 
ence impedance. 

6. A method as claimed in claim 1 comprising determining 
said scattering parameter matrix by emitting respective radio 
frequency signals in chronological Succession from each of 
said transmitter channels and detecting a Voltage value of a 
returning signal in each of said transmitter channels. 

7. A method as claimed in claim 6 comprising measuring 
said Voltage values using a directional coupler connected to 
each transmitter channel. 

8. A method as claimed in claim 6 wherein said voltage 
value is a first voltage value, and determining a first Voltage 
value in each of said transmitter channels for each emitted 
signal, and determining respective entries in said scattering 
parameter matrix as respective relationships between said 
first Voltage values and said second Voltage values. 

9. A method as claimed in claim 8 comprising measuring 
each of said first and second Voltage values in respective 
directional couplers connected to said transmitter channels. 

10. A method as claimed in claim 1 comprising determin 
ing said transmitter amplitude vectors by measuring Voltage 
values at respective chronological intervals in each of said 
transmitter channels. 

11. A method as claimed in claim 8 comprising, from said 
processor, limiting said operation of said radio-frequency 
transmitter device when one of said monitoring values equals 
or exceeds a predetermined boundary monitoring value by 
limiting said second Voltages. 

12. A method as claimed in claim 1 comprising forming 
each monitoring value as an average of a plurality of said 
radio-frequency power values. 

13. A method as claimed in claim 1 comprising selecting 
said plurality of radio-frequency power values that are used to 
forms aid average value as radio-frequency power values that 
fall within a time window that slides over said radio-fre 
quency power values in the time domain. 

14. A radio-frequency transmitter device for a magnetic 
resonance tomography apparatus, comprising: 

a transmitter antenna system comprising a plurality of 
transmitter channels; and 

a monitoring device that monitors transmission by said 
transmitter antenna system during acquisition of mag 
netic resonance data, said monitoring device comprising 
a processor configured to open at said transmission 
antenna system prior to introducing an examination Sub 
ject into the magnetic resonance apparatus, to determine 
a reference scattering parameter matrix of the transmit 
terantenna system in an unloaded State, and to operate 
said transmission antenna system after introduction of 
an examination Subject into the magnetic resonance 
apparatus, to determine a Subject-specific scattering 
parameter matrix of the transmitter antenna system in a 
state loaded by the examination Subject, and to automati 
cally determine time-dependent transmitter amplitude 
vectors for each of said transmitter channels that repre 
sent radio-frequency Voltage amplitudes in the respec 
tive transmitter channels, and to use said Subject-specific 
Scattering parameter matrix and said reference scatter 
ing parameter matrix and said transmitter amplitude 
vectors to determine radio-frequency power values that 
are absorbed by the examination subject at respective 
transmit times, and to form a plurality of monitoring 
values based on the determined radio-frequency power 
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values, and to limit operation of said radio-frequency 
transmitter device during the acquisition of said mag 
netic resonance data when one of said monitoring values 
equals or exceeds a predetermined boundary monitoring 
value. 

15. A radio-frequency transmitter device as claimed in 
claim 14 wherein said monitoring device comprises a mea 
Surement device comprising directional couplers respectively 
connected to said transmitter channels that measure said 
radio-frequency Voltage amplitudes in the respective trans 
mitter channels. 

16. A radio-frequency monitoring device for monitoring a 
radio-frequency transmitter device in a magnetic resonance 
tomography apparatus, during acquisition of magnetic reso 
nance data, involving the transmitter device, in the magnetic 
resonance system, said radio-frequency transmitter device 
comprising a transmitterantenna system comprising a plural 
ity of transmitter channels, said monitoring device compris 
ing: 

a measurement device that, prior to introducing an exami 
nation Subject into the magnetic resonance apparatus, 
determines a reference scattering parameter matrix of 
the transmitter antenna system in an unloaded State; 

said measurement device, after introduction of an exami 
nation Subject into the magnetic resonance apparatus, 
determining a subject-specific scattering parameter 
matrix of the transmitterantenna system in a state loaded 
by the examination Subject; 

a processor that automatically determines time-dependent 
transmitter amplitude vectors for each of said transmit 
ter channels that represent radio-frequency Voltage 
amplitudes in the respective transmitter channels; 

said processor, using said subject-specific scattering 
parameter matrix and said reference Scattering param 
eter matrix and said transmitter amplitude vectors, deter 
mining radio-frequency power values that are absorbed 
by the examination Subject at respective transmit times; 

said processor forming a plurality of monitoring values 
based on the determined radio-frequency power values; 
and 

said processor limiting operation of said radio-frequency 
transmitter device during the acquisition of said mag 
netic resonance data when one of said monitoring values 
equals or exceeds a predetermined boundary monitoring 
value. 

17. A magnetic resonance tomography system comprising: 
a magnetic resonance data acquisition unit; 
a radio-frequency transmitter device in said magnetic reso 

nance data acquisition unit, comprising a transmitter 
antenna system comprising a plurality of transmitter 
channels; and 

a monitoring device that monitors transmission by said 
transmitter antenna system during acquisition of mag 
netic resonance data, said monitoring device comprising 
a processor configured to open at said transmission 
antenna system prior to introducing an examination Sub 
ject into the magnetic resonance data acquisition unit, to 
determine a reference scattering parameter matrix of the 
transmitter antenna system in an unloaded State, and to 
operate said transmission antenna system after introduc 
tion of an examination Subject into the magnetic reso 
nance data acquisition unit, to determine a subject-spe 
cific scattering parameter matrix of the transmitter 
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antenna system in a state loaded by the examination 
subject, and to automatically determine time-dependent 
transmitter amplitude vectors for each of said transmit 
ter channels that represent radio-frequency Voltage 
amplitudes in the respective transmitter channels, and to 
use said subject-specific scattering parameter matrix and 
said reference scattering parameter matrix and said 
transmitter amplitude vectors to determine radio-fre 
quency power values that are absorbed by the examina 
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tion subject at respective transmit times, and to form a 
plurality of monitoring values based on the determined 
radio-frequency power values, and to limit operation of 
said radio-frequency transmitter device during the 
acquisition of said magnetic resonance data when one of 
said monitoring values equals or exceeds a predeter 
mined boundary monitoring value. 

ck ck ck ck ck 


